Abstract. Mass-loss in cool supergiants remains poorly understood, but is one of the key elements in their evolution towards exploding as supernovae. Some show evidence of asymmetric mass loss, discrete mass-ejections and outbursts, with seemingly little to distinguish them from more quiescent cases. To explore the prevalence of discrete ejections and companions we have conducted a high-constrast survey using near-infrared imaging and optical polarimetric imaging of nearby southern and equatorial red supergiants, using the extreme adaptive optics instrument SPHERE, which was designed to image planets around nearby stars. We present the initial results of this survey, including the detection of large (500 nm) dust grains in the ejecta of VY CMa and a candidate dusty torus aligned with the maser ring of VX Sgr. We briefly speculate on the consequences for our understanding of mass loss in these extreme stars.
Introduction
After massive stars (M > 8 M ) leave the main sequence, they undergo periods of enhanced mass loss before exploding as supernovae. This mass loss is a key factor in determining the evolution of the stars through phases including Red Supergiant (RSG), Yellow Hypergiant (YHG), Luminous Blue Variable (LBV), and Wolf-Rayet (WR) Smith 2014; Meynet et al. 2015; Georgy & Ekström 2015) . A proper understanding of mass loss is therefore crucial for determining the post-main sequence evolution of massive stars and for linking classes of supernova progenitors to classes of supernovae, which remains as yet poorly understood (Georgy 2012; Groh et al. 2013; Ekström et al. 2013; Georgy et al. 2013; van Loon 2013) .
For stars with initial masses 30 M , a large fraction of the mass loss occurs during the RSG phase. The mechanisms driving mass-loss in this phase remain a matter of debate (van Loon et al. 2005; Harperet al. 2009 ), in particular the origins of mass-loss asymmetries, variability and eruptions. Various mechanisms, which may not necessarily be independent, have been invoked, including non-radial pulsations, convection, binarity, and magnetic activity (e.g. Smith et al. 2001; Humphreys et al. 2007) .
A high-contrast imaging survey of nearby red supergiants 167 However, RSGs are, by definition, bright targets, and answering these questions requires high dynamic range and high angular resolution, while avoiding saturation, if the ejecta is to be separated from the central source. Numerous advances in high-contrast imaging have been driven by the need to image and characterise extrasolar planets, culminating in the development of "extreme adapative optics" (XAO) instruments, such as SPHERE (Beuzit et al. 2008) , GPI (Macintosh et al. 2006) and SCExAO (Martinache & Guyon 2009) , which combine coronography with a variety of differential-imaging techniques to achieve contrasts as high as 10 −7 within 0. 5. Answering outstanding questions regarding mass-loss from evolved massive stars requires a systematic approach, in which a large sample of supernova progenitors are homogeneously analysed. Hence, we are conducting a high contrast imaging and polarimetry survey of nearby southern and equatorial evolved massive stars, primarily red supergiants, exploiting the capabilities of the new high-contrast, planet-hunting instrument SPHERE, some initial findings from which are included here.
Target selection
Our target selection is limited by two criteria. First, the extreme adaptive optics (XAO) exploited by modern high-contrast imagers require very bright central point sources to use as natural guide stars (NGS) for optimal AO correction. In the case of SPHERE, the AO correction begins to degrade for NGS with m R > 9. The instrument is only available in Service Mode for NGS with m R 11 which provides high Strehl under a wide range of conditions, although it has been demonstrated that the system operates successfully with an improvement in Strehl for stars as faint as m R ≈ 14 (Xu et al. 2015) . Secondly, we require targets sufficiently close to be able to resolve structures in the circumstellar envelope with SPHERE. Given the luminosities of red and yellow supergiants, these criteria restrict us to Galactic sources on low-extinction lines-of-sight, typically within a few kpc or in nearby OB associations.
We therefore selected a sample of 18 bright galactic RSGs to observe with SPHERE, from the spectroscopically confirmed samples of Levesque et al. (2005) and Verhoelst et al. (2009) , focusing on those whose 2MASS and IRAS photometry indicate excess emission, while four additional YHGs were selected based on literature searches. These targets cover a range of luminosities and mass-loss rates to ensure that we sample a useful amount of parameter space.
Optical Imaging Polarimetry of VY CMa and VX Sgr

Grain sizes in VY CMa
In Scicluna et al. (2015) we demonstrated some techniques for the survey on the archetypal extreme RSG VY CMa, and we summarise the results here. VY CMa was observed in December 2014 using SPHERE/ZIMPOL in active polarisation compensation mode with fast polarisation modulation. We used V-and I-band filters with a classical Lyot coronagraph to suppress the core of the PSF. The data were reduced using the pipeline to yield reduced images for the Stokes' I, Q and U components for each detector in each filter. These data were combined using python to produce total intensity, linearly-polarised intensity and polarisation angle for each filter. Figure 1 shows the images obtained in both polarised and unpolarised light. The polarisation images show a clear centro-symmetric pattern, indicating that the polarisation is caused by the scattering of light by dust grains. As a result, we can use the fractional polarisation and the intensity ratio to constrain the properties of the scattering dust, in particular the size distribution of the grains. The very high maximum polarisation degree (∼ 50%) indicates the presence of grains with radii similar to the wavelength of the observations ( 100 nm), so we calculate the maximum likelihood values of the minimum (a min ) and maximum (a max ) radii for an MRN-like grain size distribution (Mathis et al. 1977) , assuming oxygen-deficient silicates (Ossenkopf et al. 1992) . To improve the constraints, we also incorporate the published Hα-polarisation measurements of Jones et al. (2007) .
We performed detailed fits to two regions of the ejecta, the South Knot and the Southwest Clump, whose 3D positions and motions are known ). We calculated a grid of grain-size distributions to find maximum likelihood values of a min and a max over a relevant parameter space. For the South Knot, a number of good solutions exist for a min 0.25 μm with a max only slightly larger than a min , i.e. approximately monodisperse. The best solution lies at a min = 0.55 μm and a max = 0.58 μm, with an average size an(a)da/ ada = a = 0.56 μm. The Southwest Clump shows similar behaviour. However with the maximum likelihood model (a min = 0.38 μm, a max = 0.48 μm, average 0.42 μm) requires a broader range of grain sizes. Although grains larger than 0.1 μm have been suggested to explain a number of observations of RSGs and of VY CMa in particular, these observations directly confirm grains in this size range, approximately 50 times larger than the average size of interstellar medium (ISM) dust (Mathis et al. 1977) . As RSGs emit the bulk of their radiation at wavelengths of a few micron, sub-micron dust grains can receive a significant amount of radiation pressure by scattering, rather than absorbing, the stellar emission (Höfner 2008; Bladh & Höfner 2012) . This has been found to be an effective mechanism for driving mass loss in oxygen-rich AGB stars (Norris et al. 2012) , and further work exploring the role of these grains in RSGs will be valuable (e.g. Haubois et al., this volume).
Morphology of VX Sgr
VX Sgr was observed on 2015-09-11 with ZIMPOL, using V-band and 820 nm narrowband filters. These data were reduced using the same procedure as the data for VY CMa, and the data for the 820 nm filter are shown in Fig. 2 .
The total intensity shows little structure, with most of the emission probably arising from the stellar PSF and imperfect AO correction. However, the polarisation data clearly detects extended structure in the circumstellar shell for the first time. The polarisation vectors produce a clear centro-symmetric pattern with polarisation fraction of several per cent, which, although not conclusive alone, is characteristic of scattering from a dusty circumstellar disc or torus seen nearly face on.
SiO maser emission at 7 mm clearly traces a ring on 1-10 mas scales (Su et al. 2012) ; the coherent velocity structure of this ring is suggestive of an equatorial outflow within 3 R seen pole-on. This aligns with the expected location of the inner radius of the candidate disc. Such a torus, however, is difficult to explain without invoking either rapid rotation or the presence of a companion. No point-like sources are visible in our images and the interferometric imaging from Chiavassa et al. (2010) did not reveal close-in companions, while hot companions would be obvious from their photospheric spectral signatures. On the other hand, if a companion had previously been accreted it might have spun the star up, providing the necessary rotational energy to eject or form a torus (e.g. Collins et al. 1999) .
